The WorldSID project is a global effort to design a new generation side impact crash test dummy under the direction of the International Organization for Standardization (ISO). The first WorldSID crash dummy will represent a world-harmonized mid-size adult male. This paper discusses the research and rationale undertaken to define the anthropometry of a world standard midsize male in the typical automotive seated posture. Various anthropometry databases are compared region by region and in terms of the key dimensions needed for crash dummy design. The Anthropometry for Motor Vehicle Occupants (AMVO) dataset, as established by the University of Michigan Transportation Research Institute (UMTRI), is selected as the basis for the WorldSID mid-size male, updated to include revisions to the pelvis bone location. The proposed mass of the dummy is 77.3kg with full arms. The rationale for the selected mass is discussed. The joint location and surface landmark database is appended to this paper.
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INTRODUCTION
The Anthropomorphic Test Devices Working Group of the International Organization for Standardization (ISO), (ISO/TC22/SC12/WG5) initiated the WorldSID project to develop a single, worldwide harmonized, mid-sized male side impact crash test dummy to replace the existing regulatory and research side impact dummies. The ISO goal is to have a single side impact dummy with improved biofidelity and worldwide acceptance for both regulatory and research use. A Task Group has been formed to lead the development of this new dummy consisting of members from the Americas, Asia/Pacific and European regions.
A number of federal governments worldwide, including the U.S., Canada, the European Union, Australia and Japan, have joined forces under a cooperative agreement named the International Harmonization Research Activities (IHRA) to conduct crash test and biomechanics research. The results of these activities are intended to form the basis for future harmonized standards. One of the ad hoc assignments of the IHRA Biomechanics group was to review the available anthropometric data for the purpose of specifying the anthropometry for WorldSID [1] . IHRA-Biomechanics determined the design will require:
• Some combination of world anthropometric data to facilitate the representation of international populations.
• Sufficient anthropometric definition to allow the specification of WorldSID.
• Anthropometric design specifications that accommodate current secular trend and projected trends.
IHRA-Biomechanics used the 1990 report, "International Data on Anthropometry" by Jürgens et al [2] . Jürgens divided the world population into twenty regions for which certain body measurements were available in the 25 to 45 year old age group. For each of these regions, nineteen ergonomically important body measurements were compiled for both genders for the 5th, 50th and 95th percentiles. The Jürgens data was corrected for the effects of secular growth projected to the year 2000.
IHRA-Biomechanics entered the nineteen body measurements (Table A 3 ) reported by Jürgens for the twenty regions of the world into a database and analyzed the data in five ways:
1. Un-weighted worldwide mean.
Worldwide mean weighted by population in each
region.
3. Un-weighted mean of regions containing Organization for Economic Cooperation and Development (OECD) countries.
Mean weighted by population for each region
containing OECD countries.
5.
Mean weighted by fatality rate for the OECD country in that region.
IHRA determined Methods 1 and 2 tend to bias the data towards a smaller anthropometry because of the large populations in China, SE Asia and South America who are smaller in stature, but do not necessarily represent a dominant portion of the population of vehicle occupants likely to be fatally injured. IHRA applied weighting methods 3 to 5 to develop an anthropometry for those OECD countries that have a quantifiable road trauma problem. This data was then compared to the adult Hybrid III crash dummy family with the following comments:
• Methods 1 and 2 yield dimensions that are smaller than the current Hybrid III family.
• Methods 3 and 4 yield dimensions that are larger than the current Hybrid III family, particularly the 95th male.
• Method 5 yields dimensions that are similar for the 50th male, but larger for the 5th female and 95th male than the current Hybrid III family.
IHRA concluded that the anthropometry projected by Method 5 would be most appropriate for WorldSID. This paper compares this anthropometry dataset with other sources to produce a detailed dataset for WorldSID.
ANTHROPOMETRY DATABASES
Crash test dummy design requires significantly more detailed anthropometry specifications than typically available in general anthropometry studies. The dummy requires internal joint center locations, segment masses, segment center of gravity locations, inertial properties and an external flesh surface. The dummy must also simulate the human in the typical semi-reclined automotive seated posture. There are two sources containing this enhanced anthropometry:
• Anthropometry of Motor Vehicle Occupants (AMVO) [3] .
• RAMSIS -Rechnergestiitztes Anthropologisch-Mathematisches System zur Insassen -Computer supported anthropological mathematical system for passenger simulation [4] .
The AMVO project is a definitive study undertaken by the University of Michigan Transportation Research Institute (UMTRI) to develop specifications specifically for crash test dummies. AMVO measured surface landmarks of 25 adults and calculated the internal joint locations and segment masses and created a dataset of 147 points defining the surface landmarks, joint centers, segment origins and segment centers of gravity ( Figure 2 ). It was published in 1985. UMTRI also developed the full sized clay models of the 5th, 50th and 95th percentiles that were subsequently molded into fiberglass shells and then scanned and surfaced for use with CAD systems (Figure 1 ). The parameters can be entered in absolute terms or as population percentiles. Additionally, the posture can be defined as standing or seated, or in the semi-reclined, automotive seated posture. The anthropometry is further refined by groupings according to age, secular growth and gender, and the reference anthropometry database can be chosen from several sources, either individually or combined. These sources are:
• Germany (formerly East Germany)
• US and Canada (Hanes 1979)
• Japan and Korea (HQL)
• US updated (Hanes 1997, proprietary)
• Japan updated (HQL 1997, proprietary)
RAMSIS outputs internal joint coordinates for the selected size and posture, together with body segmentations, masses, C.G. locations and moments of inertia. It also creates a faceted surface model for import to CAD systems. Table 1 compares the statures (standing height), seated heights and weight for the IHRA proposal, the AMVO dataset and the five databases from the RAMSIS software [5] . The deviation from the IHRA proposal is shown in parentheses.
COMPARISON OF ANTHROPOMETRY DATABASES
Excluding the Japan and Korea studies, the predicted statures are very similar, with a maximum deviation of 17mm for the East German study. The AMVO mid-size male is 1mm smaller than the IHRA proposal. The seated heights for all the databases, including the Japan and Korea studies, are within 10mm. This implies the major anthropometrical difference between the Asian and Western populations is in the leg length.
Since there is very little difference between the studies, and the AMVO data contains all segment lengths, the AMVO stature of 1753mm is adopted for WorldSID.
WEIGHT -The IHRA data, based on the Jurgens study, does not include a mass proposal for the mid-size male. The average weight for the four Western databases in Table 1 is 77.6kg.
Masses predicted by RAMSIS show large variations, and in particular the two US studies vary from 72.7kg to 82.0kg. The RAMSIS software predicts anthropometry based on three parameters -stature, seated height and waist circumference, which can be classified as a measure of corpulence. Variations in the waist circumference could account for large variations in the predicted mass whereas the stature shows very little variation.
The AMVO study used the 1974 NHANES II data to establish the target body weight for the midsize male ATD. The median male weight in NHANES II is 77.3kg. The 25 men who were measured in Phase 3 of AMVO to determine the final specifications averaged 76.7 kg, which became the defined weight for the AMVO midsize male. The AMVO segment mass values were obtained by using the McConville regression equations to predict the segment volumes, calculating segment mass by assuming a density of 1gm/cm 3 , and linearly scaling the resulting values so that the sum of the segment masses equaled the average body mass of the measured subjects. However it is argued the segment mass estimates should have been scaled to the target mass of 77.3kg rather than the averaged measured mass of 76.7kg.
Since the AMVO target mass is closer to the average database mass, and less than 1% different to the AMVO measured weight, the recommended body weight of the WorldSID with full arms is 77.3kg. Segment masses should be scaled by 77.3/76.7. 
COMPARISON OF AMVO AND RAMSIS MODELS
The two datasets and surface files were merged into one CAD file and translated so that files have common H-point at 0,0,0 ( Figure 3) . Figure 3 illustrates the initial positioning of the two datasets and they exhibit a very similar profile. There is a discrepancy at the back centerline and the back of the head. The foot angles are different and the arm positions, but this can be corrected by re-posturing.
Figure 3. AMVO and RAMSIS Datasets Overlay
The RAMSIS model was rotated rearward by 2.5 degrees about the H-point. The overlay is shown in Figure 4 . The two datasets now match very closely. [7] , which reference Trotter and Gleser [8] and Dempster [9] .
One important question in assessing the validity of the AMVO study [3] is whether the 25 men who were measured had appropriate upper extremity segment lengths. Table 3 shows the values of three standard anthropometric measures compared to those obtained from the Anthropometric Survey of U.S. Army Personnel (ANSUR) [10] using linear regressions on stature. The AMVO exterior dimensions are very close to the values expected for males 1753mm tall. Notably, shoulder-elbow length and radiale-stylion length are within 3mm of the values predicted from ANSUR.
The men in the AMVO study had upper extremity exterior dimensions (standard anthropometry) that closely match those expected based on the much larger ANSUR survey of U.S. Army personnel [10] . Consequently, any discrepancies in segment length between AMVO and other studies with the same size individuals are likely due to differences in the manner in which the joint locations are calculated from external landmarks.
The Webb Associates calculation methods use regression equations based on an extensive study of U.S. servicemen's remains to estimate long-bone lengths from stature [7] . Ratios developed by Dempster [9] from cadaver dissections are then used to relate the bone lengths to the functional segment lengths. For example, the humerus length for a male 1753mm tall is estimated to be 333mm, and the arm segment length is estimated to be 89.44 percent of the humerus length, or 298mm.
The Webb Associates methods give a value for the arm segment length very similar to that obtained in the AMVO study. However, the forearm segment length differs by about 18mm. Based on the available information, the AMVO value would appear to be the more reliable, because it is based on landmark locations measured on men who are demonstrably typical in their upper extremity segment exterior dimensions for men of their stature.
Based on the foregoing analyses, the recommended arm segment lengths for WorldSID are those from the AMVO study:
• Arm Segment Length 296mm
• Forearm Segment Length 276mm
The Hybrid III 50th Dummy upper arm length is also shorter than the AMVO data, although in the 'hands-onwheel' posture with approximately 90 degrees between upper arm and forearm, the exterior surfaces of the Hybrid III arm align well with the AMVO data. The difference is caused by the location of the elbow joint. The AMVO data correctly puts the joint at the outer surface of the arm, whereas the Hybrid III elbow joint is at the center of the arm cross-section. When the Hybrid III arm is straightened, it is approximately 60mm shorter than the typical midsize male. 
